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© A monitoring circuit for a system for recharging a motor vehicle battery. 



© The circuit comprises 

- "a detector circuit (1 9-22) connected to a phase 

of the generator (2) and adapted to provide a 
signal indicative of the rotary speed of the 
generator (2), and 

- a processing arid comparison circuit (23) coup- 
led to the said detector circuit (18^22) and 
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adapted to generate a signal for controlling the 
conduction of current through the said transis- 
tor (T) which monitors the current in the field 
coil (6) so that the strength of the current 
flowing thought the collector-emitter path of the 
said transistor (T) varies as a function of the 
rotary speed of the said - generator (2). 
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the present invention relates to a monitoring 
circuit for a vmotor rvehiple jbattery recharging sys- 
tem 'which ''comprises "a rbtary electrib generator 
including an alternator with an induction coil and a 
field coil and a rectifier the output of which is 
connected to the battery. / 7? 

More specifically, the invention relates to a 
monitoring circuit which comprises 
a driver transistor/ the collector^emitter path of 
which is intended to be connected in series to the 
field coil of the generator between the two termi- 
nals of a direct current voltage source, 
sensor means adapted to provide a signal indica- 
tive of the current flowing during operatfdri of the 
said field coil and .'■ • s > 

driver circuit means adapted to drive the ' said^ tran- 
sistor in accordance -with^-jp^ede^rmih'ed'^iprocer^ 
dures as a function of the value assumed by the 
voltage produced by the said generator and the 
signal provided by the said field current sensor 
means. 

A monitoring circuit of the above-specified type 
is described for example in Earlier European Patent 
Application EP-A-0 483 081; 

The monitoring circuit according to the inven- 
tion is of such a type and is characterised in that 
the aforesaid driver circuit means comprise 
a detector circuit connected to a phasV bf the 
generator and adapted to provide a signal to in- 
dicate the rotary speed of the generator and 
a processing and cornp^isqn circuit coupled to the 
said detector circuit and adapted to generate a 
signal for controlling the conduc^ph of current 
through, the transistor so that the; injtensity Of the 
current f lowihg through the (:olJector-emi^er pat^ of 
the said tfansi^or v#rie£ ^ 
speed of the said generator. 

More specifically, in accordance with a further 
characteristic feature of the invention, the process- 
ing and comparison circuit is arranged to generate 
a signal for controlling the Conduction through the 
said transistor in such a w^ that this fatter is 
driven ' • 

- in a first mode which,| when, functioning, cor? 
responds to a piredejtermined low i value of 
current in the field coi I wher* the rotary speed 
of the generator is beiow a preset! level and 

- in a second mode corresponds 

upper mean yalu6 of ! the said, current when 
the speed of rotatioh of the generator is 
greater than the said preset level. 
The monitoring circuit According to the inven- 
tion makes it possible in particular to avoid a high 
absorption of current when the motor vehicle is 
stationary or when the engine of the motor vehicle 
is switched off. 

Further characteristic features and advantages 
of the invention will emerge from the following 



detailed description , given with reference! j to., the 
. attached drawings which are provided solely by 
way of non-limitive example and in which: 

Figure 1 is a diagram showing a system for 
s recharging the battery of a motor vehicle, com- 
prising a ^ according to the in- 

vention, 

Figure 2 is a block circuit diagram showing the 
monitoring circuit according to the invention, 
10 Figure 3 is a diagram of an embodiment of a 
detector circuit contained within the monitoring 
circuit according to the invention and 
Figures 4 and 5 show two embodiments of a 
processing and comparison circuit comprised 
75 within the control circuit according to the inven- 
tion.'. • ' '" " ,; " 
With reference to Rgure 1, for recharging th<e 
battery 1 of a motor vehicle, a system is employed 
which comprises a current generator 2 and a moni- 
20 toring circuit generally designated 3 and preferably, 
constructed as an integrated circuit 

in per se known manner;, the generator 2 com- 
prises an alternator 4 with a three-phase induction 
coil 5 (in the example of embodiment illustrated. 
25 this has a star connection) and a field coil 6. 

The induction coil 5 of the alternator is con- 
nected to a three-phase rectifier 7 of the double 
semi-wave type, produced using semi-conduttor 
diodes 8. 

30 The output from the rectifier 7 which con- 

stitutes the output from the generator 2 as a whole 
is connected to '] one terminal of the battery 1 
through a connecting lead 9 

Reference numeral 10 denotes a switch con- 

35 nected to the positives terminal of the battery 1 and 
adapted to be iactgated manually, for example by a 
key. The said switch may for example be incor- 
porated into the ignition and starter selector switch 
of the vehicle. 

40 Connected to. the switch 10 is a terminal of a 

warning light 11, Jhe other terminal of which is 
; connected to an input L of the monitoring circuit 3. 
In per se known manner, the: warning light 1 1 is 
intended to be actuated (illuminated) when, with the 
45 switch 10 clbsed, the generator 2 is not generating 
current. ; 

. . The .control circuit 3 comprises a voltage sup- 

ply 12 and has a further foijr terminals indicated as 
A, DF. PH and GND respectively. 

so ' Terminal A is connected to the output from the 
generator 2 and an input of the supply 12; 

Terminal DF is connected to one end of the 
field coil 6, the other end of the said coil being 
connected to the output from the generator 2. 

55 " Terminal PH is connected to a phase of the 
induction coil 5 of the alternator 4. 

Finally, terminal GND is connected to the ear- 
thing terminal of the rectifier circuit 7. 
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In per se knowri manner, the control circuit 3 
comprises a driver circuit 13 for the light 11 and 
having the input connected to the terminal PH and 
therefore to a v phase of the alternator 4. 

In operation, when the switch 10 is closed and 
the alternator 2 is shut down \ the circuit 13 in per 
se known manner causes illumination of the light 
11. - ' " • '• 

As soon as the alternator 4 is actuated and the 
signal at the input PH exceeds the threshold of a 
comparator circuit within the driver circuit 13, the 
latter extinguishes the light 11. 

The control circuit 3 also comprises (still in per 
se known manner) a voltage regulator circuit 14 
with an input connected to the terminal A and 
therefore to the output from the generator and with 
the output connected to a driver circuit 15. This 
latter" is connected at its output to the base of a 
transistor T bonsisting; for instance, of a Darlington 
transistor;* 1 

The transistor T has its collector connected to 
the terminal DF arid its emitter connected to earth 
through a resistor R. The coltectbr*emitter path of 
the transistor T is therefore in series with the 
resistor R and the field coil 6, between the output 
from the generator 2 and earth. 

D indicates a flyback diode connected between 
terminals A and DF of the monitoring circuit 3. The 
said diode is therefore in parallel with the field coil 
6. > ■ ■ • -'■ • ' 

Also cbnneCted to the driver circuit 15 are 
protective circuits 16 of equally per se known type, 
intended to cut off the transistor T if there is an 
excessive rise in temperature or in the event of an 
electrical overload. 

The monitoring circuit 3 further 'Comprises a 
circuit 18 for controlling the field current. The cir- 
cuit 18 hais an input connected to the emitter of the 
transistor T and has another input connected to the 
terminal PH and therefore to a phase of the induc- 
tion coil 5 of the generator 2. 

The output of the circuit 18 is connected to a 
further input of the driver circuit 15. 

As Figure 2 shows, the circuit 18 comprises a 
threshold comparator 19 with the reversing input 
connected to a reference DG voltage source 20, 
and a non-inverting input connected to the terminal 
PH arid therefore to a phase of the field coil 5 of 
the generator 2. 

Between the non-inverting input of the com- 
parator 19^ and earth there is a current source 21 
consisting, for instance, of a current generator pro- 
ducing power at around 1 mA arid Intended to 
neutralise the effect of any leakage currents from 
the diodes 8 of the rectifier bridge 7. 

The output from this threshold comparator 19 is 
connected to the input of a phase signal detector 
circuit generally designated 22. The said circuit is 



arranged to provide at its i output a logic signal 
which assumes, for exampfe, the level "O" when 
the rotor of the generator 2 is stopped or is rotating 
very slowly (at a speed less than a predetermined 

s minimum threshold) and the level "1" when, on the 
other hand, the rotor of the ^generator 2 is rotating 
at a speed greater than the said threshold. 

An exemplifying embodiment of the phase sig- 
nal detector circuit 22 is illustrated in Figure 3 and 

io will be described iri greater detail hereinafter. 

Turning now to Figure 2, the Output from the 
phase signal detector circuit 22 is connected to a 
first input 23a of a processing and comparison 
circuit 23. The said circuit has a further input 23b 

75 connected to the terminal of !the resistor R which is 
connected to the emitter of the transistor Tr 

The output frorin the comparison circuit 23 con- 
stitutes the Output of the entire circuit 18 and it is 
connected to an input of the driver circuit 1 5: 

20 As will become mcjre clearly apparent 

hereinafter, the prbcessihg &nd comparison circuit 
23 is arranged to condition the cdnductibn of cur- 
rent through the transistor T in such a way that the 
strength of the current flowing through the field coil 

25 is varied according to the speed of rotation of the 
rotor of the generator 2. Iri particular, the said 
comparison circuit 23, through the driver circuit 1 5 
controls the conduction of current through the tran- 
sistor T in such a way that the said transistor is 

30 driven - 

- in a first mode which corresponds to fairly 
low peak levels of field current, for example 
between 300 to 500 ImA, when the phase 
signal applied to the input PH of the monitor- 

35 ing circuit 3 indicates that the speed of rota- 

tion of the rotor of the! generator is nil or less 
than a minimum preset threshold arid 

- in a second mode whiih corresponds to peak 
values of the field current which are on aver- 

40 age higher, tor example between 4.75 and 

5.25 A; when the phase signal indicates that 
the speed of rotation 6f the rotor of the gen- 
erator is greater than the above-mentioned 
preset threshold arid therefore the generator 
45 is effectively operating! 

The processing arid comparison circuit 23 
drives the transistor T in the aforesaid first mode 
when the signal provided at the output from the 
detector circuit of the phasia signal 22 is at level 
so > n O n , arid in the second mode when the said signal 
is at level "1 V - 

In the case of the embodiment shown in Figure 
3, the detector circuit of the phase signal 22 com- 
prises a low-pass filtering circuit 24 which serves to 
55 eliminate the full switching stages present in the 
input signal due to switching! of the power transistor 
T. ' ' • - • ■ ' ; • • • ' 

The filtering circuit 24 in the embodiment 
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shown comprises a delay circuit 25 connected be- 
tween the output of the threshold comparator 19 
and a first input of a logic AND gate 26. The circuit 
25 for example introduce^ a delay of 20 micro- 
seconds. 5 

The other input ; of the AND gate 26 is con- 
nected to the output from j the comparator circuit 

1 »- -. V - 1 , 

Connected to the outptjit from, the filtering cir- 
cuit 24 is a logic circuit 27 fordetecting leading .... to 
and trailing edges of the signal applied to its input. 
The said circurt comprises; a, delay circuit 28 the 
input pf which is qonnected to r the output from the 
AND gate 26* and the outpqt of which is connected 
to a first input of an EXOR 29, the other input of is 
which is connected to the; output; form the AND 
gate 26. The circuit 28 introduces, for instance, a 
delay of 20 microseconds, Correspondingly, in the 
operation at the output form the, EXOR gate 29 
there is a train of pulses with a pulse of 20 micro- 20 
seconds duration for each leading and trailing edge 
presented by the signal at the output from the AND 
gate 26. 

The output from the circuit 27 is connected to 
the input of a control circuit 30 comprising two 25 
bistable .circuits (flip-flop, type. D) 31 and 32 and a 
logic AND gate 33, connected inter se in the man- 
ner illustrated. Connected to an input of the AND 
gate 33 is the output from j an oscillator 34 which, 
has a frequency of 80 Hz for example. 30 

In operation, when the; control circuit 30 re- 
ceives a first pulse from the logic circuit 27, the 
output Q from the bistable circuit 32 moves to high 
level ("1") and remains in that state jf every subse- 
quent jnput pulse occurs at the latest within a time 35 
equal (in the example illustrated in Figure 3) to 
twice the cycle of the osjqillator 34. When the 
interval, between two successive pulses received at 
the input of the circuit 30 is greater than two cycles 
of thef oscillator 34, the output Q from the flip-flop 40 
32 passes^ to level "O". Ip ; practice, this situation 
occurs when the rotor of thel generator 2 is stopped 
or is rotating fairly slowly,; at a speed below a 
minimum predetermined threshold. 

With reference to Figure 4, in a first embodi- 45 
ment, the processing and | comparison circuit 23 
comprises two amplifiers 35 and 36 which have 
respective and different gain values Gl and G2, 
connected on the input side to the emitter of the 
transistor T. The outputs from the said amplifiers 50 
are connected to the inputs of a switching /device 
37 having a further control, input 37a connected to 
the output from the phase ; signal detector circuit 
22. The output from the sjaid. selective switching, 
device is connected to an input of a threshold 55 
comparator circuit 38, to the other input of which 
there is connected a direct current reference volt- 
age source 39. 



If the amplifier 35 has a greater gain than the 
amplifier 36 when the signal supplied at the output 
from the circuit 22 at level "O" and at level T 
respectively, the switching device 37 selectively 
couples to the input of the threshold comparator 38 
the output of the amplifier 35 or, respectively, the 
output of the amplifier 36. Therefore, when the 
generator 2 is stopped or is turning at an extremely 
low speed, the threshold comparator, with hyster^ 
esis 38, compares with its reference levels a field 
current indicator signal, the said signal being great- 
ly amplified in respect of the situation in- which -the 
generator 2 is operating. This is equivalent to com- 
paring the field current with the very lowest thresh- 
olds and with a narrower hysteresis beam when the 
generator is stopped or almost stopped. Conse- 
quently, the driving signal which passes from the 
output of the comparator 38 to the base of the 
transistor T through the circuit 15 is such that, it 
reduces the conduction time of the said transistor 
and therefore maintains the mean value of the peak 
current in its collector-emitter path within a preset- 
range, for example between 300 and 500 mA as 
stated hereinabove. 

When the generator 2 is functioning at a speed 
greater than the minimum preset threshold, the 
comparator 38 compares its thresholds and its hys- 
teresis band with a relatively less amplified signal. 
This is equivalent tp comparing the field current 
with greater thresholds and a wider hysteresis band 
than in the situation where the generator is stopped 
or almost stopped. Consequently, the comparator 
38 keeps the transistor T : conductive for longer 
times and consequently the peak intensity of the 
field current may vary within clearly greater limits 
than in the. preceding: case, for example between 
4.74 and 5.25 A, as stated hereinabove. 

In the processing and comparison circuit 23 
shown in Figure 4, the amplifier 36 could at the 
limit, be omitted and the corresponding input of the 
selective switching device 37 could be connected 
directly to the emitter of the transistor T. 

Shown in Figure 5 is an alternative embodi- 
ment of comparison circuit 23, ■ 

In the said alternative, there are connected to 
the emitter of the transistor T two threshold com- 
parator circuits 40 and 41 having the same thresh- 
old levels and the same band of hysteresis. The 
comparator 40 is connected to the emitter of the 
transistor T through an interposed amplifier circuit 
42 having for example a gain G equal to 10. The 
comparator 41 is however connected directly to the 
emitter of the. said transistor. 

The outputs from the threshold comparators 40 
and 41 are connected to corresponding inputs of 
an OR circuit 43 through a switching device 37 and 
directly, respectively. The switching device 37 is 
also in this case, controlled by the output from the 
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circuit 22. In particular when the signal supplied at 
the output from the circuit 22 is at level "O" 
(generator stopped or almost stopped), the device 
37 couples a first input of the OR gate 43 to the 
uuiput from the threshold comparator 40. On the s 
other hand, when the signal supplied by the circuit 
22 is at level "1* (generator running),. the device 37 
couples the said input of the OR gate 43 to earth. 

The output from the OR gate 43 is connected 
to the input of a driver circuit 44 of the chopper io 
type comprising two bistable circuits (flip-flop of 
tix, set/reset type) 45 and 46, connected in the 
manner illustrated and an oscillator 47, the output 
irorr which is connected to the set inputs of the 
circuits 45 and 46 directly and through art inverter 15 
48 respectively. 

The output from the OR gate is connected to 
t*x- reset input R of the bistable circuit 45. 

Tho output O from the bistable circuit 46 rfcpre- 
v -or* the output from the driver circuit 44 as a 20 

Whon. in operation; the generator 2 is stopped 
r» almost stopped, the output from the comparator 
41 ii maintained constantly at level "O". and there- 
Mc mc chopper control circuit 44 is driven, prac- 25 
u. ai y. only by the output from the threshold com- 
1 kir atof 40, through the selective switching device 
3^ and the OR gate 43. 

On the other hand, when the generator 2 is 
fi*rv tionmg -properly, the switching device 37 dis* 30 
c *»fx^ts the output from the comparator 40 of the 
cf»«*er- control circuit 44, which is driven by the 

vit from the threshold comparator 41 . 

in either case, the circuit 44 is "set" by the 
V'-jnoj- form the clock 47 (the frequency of which is 35 
mo Mj. lor example) and it is then Preset" by the 
* rv»i provided by ; the comparator 40 or by the 
^•o/ator 41 when the field current exceeds the 
r-.-fxid. • • 

*U an appropriate selection of the gain of the 40 
.jr'H ut.or 42 and of the reference voltage asso- 
rt, >j *ith the comparators 40 and 41, it is possi- 
t*. v ensure that the transistor T is so driven that 
*' rr^rvains the peak current in its collector-emitter 

at an average of between 300 and 500 mA for 45 
■M^c^ when the alternator is stopped or almost 
u w*^ and between 4.75 and 5.25 A for example 
••v-o tno alternator is operating. 

Ha-uraily, while the principle of the invention 
fi^a.ns established, the embodiments and details so 
ii implementation may be varied widely compared 

*nat has been described and illustrated purely 
t-> *ay of non-limitative example, without thereby 
tfc w/tmg from the scope of the present invention. 

55 

Claims 

1. A monitoring circuit for a motor vehicle battery 



recharging system which comprises an elec- 
trical generator (2) including an alternator (4) 
with an induction coil (5) and a field coil (6) 
and a rectifier (7), the output (A) of which is 
connected to the battery (1); the monitoring 
circuit (3) comprising ! 

a driver transistor (T), the collector-emitter path 
of which is intended to be connected in series 
to the field coil (6) of the' generator (2) between 
the two terminals of a direct current voltage 
source, 

sensor means (R) adapted to provide a signal 
indicative of the current flowing during opera- 
tion of the said field coil (6) and 

driver circuit means (14-18) adapted to drive 
the said transistor (T) in accordance with pre- 
determined procedures as a function of the 
value assumed by the voltage produced by the 
said generator (2) and the signal provided by 
the said field current sensor means (R); 

characterised in that the said driver circuit 
means (14-18) comprise 

a detector circuit (19-22) connected to a phase 
of the generator (2) and adapted to provide a 
signal indicative of the rotary speed of the 
generator (2) and . ' 

a processing and comparison circuit (23) coup- 
led to the said detector circuit (19-22) and 
adapted to generate a signal for controlling the 
conduction of current through the said transis- 
tor (T) so that the intensity of the current 
flowing through the collector-emitter path of 
the said transistor (T) varies as a function of 
the rotary speed of the siaid generator (2). 

2. A monitoring circuit according to Claim 1 , 
characterised in that the said processing and 
comparison circuit (23) is predisposed to gen- 
erate a signal for cohtrdiling the conduction of 
current through the said transistor (T) in suchra 
way that the said transistor (T) is driven 

- in a first mddei which* when functioning, 
corresponds to a predetermined average 
low value of the peak current in the field 
coil (6), when the rotary speed of the 
generator (2) is belbw a preset level and 
* in a second mode corresponding to a 
preset upper mean value of the said 
peak current when! the speed of rotation 
of the generator (2) is greater than the 
said preset level. 1 
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3. A monitoring circuit jacqording to Claim 2, 
characterised in that the said detector circuit 
comprises : a first threshold comparator; circuit 
(19) with a first input connected to a phase of 

the generator (2) and a second input con- s 
nected to a reference direct current voltage 
source (20); 

a logic circuit (27) connected to the output of 
the said first threshold comparator circuit (1 9) 
and adapted to generate a pulse correspond- 
ing to each leading anjd/or trailing edge of the 
output signal from the said first threshold qom- 
parator circuit (19) and | ,< 

an actuating circuit (30) connected to the : said 
logic circuit (27) and adapted to provide a first 
or a second logic actuating sjgnal (0,1) when 
thai interval of tirne,-, bjetween two successive 
pulses of the signal provided by the said logic 
circuit (27) is less qrj greater than a preset 
value. ... . t .• ' 

4. A monitoring circuit Jaccording to Claim 3, 
characterised in that there is connected to the 
said first input of the first threshold comparator 
circuit (19) a current source (21) adapted to 
neutralise the effect df any leakage currents 
from the rectifier (7, 8).; ^ 7 - 

5. A monitoring circuit according; to Claim 3 or 4, 
characterised in that interposed between the 
first comparator, circuit! (19) and the said logic 
circuit (27) is a (qw-pas^ filtering circuit (2^^ 

6. A . monitoring circuit according to one of Claims 
3 to 5, in which said I means for : sensing the 
current flowing through the field coil (6) com- 
prise a resistor (R) disposed in Series with the 
collector-emitter , path qf the said transistor (T), 
characterised in that the said processing and 
comparison circuit (23) comprises ,.' 

first and second, amplifiers (35,; 26) with, dif- 
ferent gains and inputs connected to thq said 
resistor (R); Jv 

a second threshold comparator circuit (38) 
connected to a reference direct current voltage 
source (39) and : : - y.-. 

a switching : device (37)i interposed bqtween the 
outputs from the s;aid (amplifiers (35, 36) and 
the input of the said jsecond threshold : com- 
parator circuit (38) and having r an actuating 
input (37a) coupled to the output from the said 
detector circuit (22) so that, when the said 
detector circuit (22) emits the aforesaid first or 



said second actuating signal, the switching de- 
vice (37). ' selectively couples: the output from 
the first or second, amplifier (35 or 36) to the 
input of the; said: second threshold comparator 
circuit (38). 

7. A monitoring circuit according to one of Claims 
3 to 5; in which the said means ;f or sensing the 
current flowing through the field coil (6) com- 
prise a resistor (R) in series with the collector- 1 
emitter path of the said transistor (T), , charac- 
terised in that the said processing and: com- 
parison circuit (23) comprises 

arv amplifier (42) connected: to the said: resistor 
(R), 

second and third threishold comparator circuits 
(40, 41 ) with which there is associated a direct- 
current reference voltage source, the said 
comparator circuits being connected on the 
input: side to the output from the said amplifier 
(42) and the said resistor: (R) respectively, : 

a chopperhtype driver circuit (44) the output of 
which is capable of influencing the conduction 
of current through the said transistor (T) and 

a switching device (37) which controls the con- 
nection between the output from at least one of 
the said second or third threshold comparators 
(40, 41) and the actuating input of the said 
chopper-driver circuit (44). 

8. A monitoring > circuit according to Claim 7, 
characterised in that associated with the said 
second and third .threshold comparators (40, 
41) are low-pass filtering means, adapted to 
neutralise any stray pulses due to the selective 
switching of the said transistor (T). 
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